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In this Letter we describe an elliptic beam converter which functions a beam focusing or collimating element. It consists of an input waveguide followed by an elliptically shaped section and then a wide slab waveguide section, in which the wave can diffract freely in the lateral direction. The working principle of the device is based on total internal reflection at the boundarv of the elliDtic DIFFIE Introduction: Waveguide beam focusing and collimating elements have been found useful in many applications in photonic integrated circuits. In wavelength division multiplexing (WDM) systems for example, a channel dropiadd fdter could be realised by using a collimated beam incident on a Bragg reflecting grating, and using focusing elements to collect the reflected and the transmitted beams. In this case a collimated beam realised in a planar waveguide is desirable. Expanded beam collimating elements also find applications in high power devices where they are used to reduce the power density at a facet. In the issue of light coupling between semiconductor waveguides and singlemode fibres, beam focusing elements could be used to reshape the optical field proffie in the film plane to get an optimal overlap with the field of the fibre.
Optical beam focusing and collimating functions can in principle be realised by planar lenses [I], adiabatic tapers and curved mirrors. However, each of these structures has its drawbacks. If the waveguide lateral index contrast is low, a planar lens has a large focal distance and therefore requires a lot of space. If, conversely, the lateral index contrast is high, the diffraction losses at the lens boundary may be hgh. Adiabatic tapers have been widely region, and can be understood by a three-Gaussian-beam midel [4] . The input beam can be seen as a superposition of three approximately Gaussian beams: an axial beam, an upper and a lower beam. The upper and lower beam reflect off the upper and lower part of the elliptic converter, respectively, and are collimated or focused by it. The axial beam propagates with little mpact from the elliptic coupler. In the slab region behind the couplers the three beams form an interference pattern, the shape of which can be controlled by the dnnensions of the device. The ellipse either ends on a semiconductor free space slab region with the same cross section as the ellipse (Fig. lb) , or ends directly on an air facet (Fig. le) . The input waveguide is 2 p wide. Fig. I b ) coupler device with a = 1 5 0~ and b = 5 5 p b = 6 . 5~ b = 7 . 0~
The influence of the half axes lengths a and b of the ellipse on the FWHM of the output field at the output facet is analysed with the slab terminated structure of figure Fig. lb. The a values were 150, 190 and 2 3 0~ and the b values range from 4.5 to 8 . 5~ with a 0 . 5~ step. The camera line-scanned intensity distributions show that the combinations (a, 6) (150pn, 6.5pn), ( 1 9 0 p , 7 . 5~) and ( 2 3 0 p , 8 . 0~) have good focusing properties and small field side lobes at the output facets. The focusing ability degrades for smaller b values. Instead the element starts to act as a collimating device. In Fig. 2 measurement results are shown for a = 1 5 0 p and for three different b values, 5.5, 6.5 and 7 . 0~. The ellipses with air facets (Fig. IC) are used to measure the field evolution in air after propagation through the ellipse. Different a and b values have been tested and the measurement results are in good agreement with the simulations. In Fig. 3 the beam focusing properties of a structure with a = 2 3 0 p and b = 8 . 0~ are shown. It is seen that the beam waist in a lateral direction, characterised by the FWHM of the intensity profde, is indeed evolving from a larger to a smaller value and vice versa along the beam propagation direction. Therefore, if the half axes lengths of the ellipse are properly selected, it is possible to obtain a desired beam waist at a certain distance outside the chip. Moreover, a larger collimated beam width or a longer focusing distance is achievable.
Conclusion:
A new waveguide focusing and collimating element has been analysed and experimentally tested. The experimental results show good agreement with the simulated values. The structure is lateral contrast insensitive and compact and can be made with simple waveguide technology. Those elements can be used in acousto-optic waveguide to fibre coupling and in WDM elements where the optical field needs to be focused or collimated.
Fabrication of single-mode polymeric optical waveguides by laser-beam writing
R. Yoshimura, H. Nakagome, S. Tomaru and S. Imamura However, conventional waveguide fabrication methods, in which channel waveguides are patterned using photomasks, cannot satisfy these requirements, because it is difficult to form such large photomasks with sufficiently high accuracy. For this sort of waveguide patterning, laser-beam writing [9, 101 is more suitable than conventional photolithographic techniques with photomasks. However, there have been few reports on singlemode polymeric waveguides fabricated by laser-beam writing, which would enhance the potential for the application of polymeric waveguides to optical interconnects. In this Letter, we describe a laser-beam writing system for large-area optical waveguide patterning and the fabrication of singlemode polymeric waveguides by laser-beam writing in photoresist and dry etching using deuterated fluoromethacrylate polymers [l 11. power monitor attenuator modulator n Kr laser d Fig. 1 
Configuration of laser-beam writing system
The laser-beam writing system consists of a krypton ion laser (h = 413nm), beam-shaping optics, an acoustooptic modulator (AOM) and an air-lubricated X-Y translation stage, as shown in Fig, 1 . The AOM, which is synchronised with the movement of the stage, is used for switching the laser-beam on and off, and modulating its intensity. The air-lubricated X-Y translation stage, with a stroke of 300 x 200mmz, is driven by DC motors and controlled in a closed loop by attaching laser interferometers to it so that its position can be detected instantaneously. The stage translation speed is continuously variable below lOmm/s. The position-
